SUMMARY This study was carried out to establish a reference table of echocardiographic values for the left ventricle of simple d-transposition of the great arteries (d-TGA) and to determine at what age left ventricular dimensions in these patients become different from those of a normal population. Fifty-three patients with d-TGA and normal pulmonary pressure and 395 normal children ages 1 day to 10 years were studied by M-mode echocardiography. Results show that in d-TGA, left ventricular systolic and diastolic internal diameters are normal at birth. After 1 month, however, both diameters were below normal and despite a progressive increase with age, the mean values were always below normal. The mean posterior wall thickness of patients with d-TGA was also normal at birth but did not increase with age (2.3 mm in diastole and 4.3 mm in systole) and became significantly thinner than normal at 10 months of age in diastole and 7 months in systole. Septal thickness of patients with d-TGA did not differ from that of the control group. The shortening fraction and mean velocity of circumferential fiber shortening were significantly greater in d-TGA at all ages. Left ventricular measurements related to age are presented and should be of help in interpreting M-mode echocardiograms of patients with d-TGA.
MEASUREMENTS of anatomic specimensl4 and by echocardiography5 have shown that patients with dtransposition of the great arteries (d-TGA) have a thinner left ventricular (LV) wall than subjects with normally related great arteries. This is expected because in transposition, the left ventricle is connected to the lowpressure pulmonary circulation. However, the influence of age on LV characteristics has only been studied in anatomic specimens'-' and never, to our knowledge, in living patients with d-TGA. This information is important for at least three reasons. First, a reference table based on echocardiographic measurements related to age from patients with uncomplicated d-TGA is needed to interpret echocardiograms of patients with d-TGA, because comparison with normal subjects is obviously erroneous. Second, studies of fixed anatomic specimens cannot provide information about the dynamic characteristics of the LV wall. Third, with the increasing popularity of anatomic correction of d-TGA,6 7it has become important to establish the age at which the anatomic and functional characteristics of the left ventricle start to differ significantly from that of the normal population. We therefore performed an echocardiographic study to determine the influence of age on LV wall thickness, cavity dimensions and indexes of myocardial contractility in patients with simple d-TGA.
Materials and Methods Subjects
The study group consisted of 53 patients with simple d-TGA, ages 1 day to 10 years. To avoid undue influence of individual cases on the data of the group, each patient was represented by only one echocardiographic study. Only patients with normal pressure in the pulmonary circulatory system were selected. Patients older than 1 month who had an LV systolic pressure higher than 40 mm Hg were excluded. In patients younger than 1 month, pulmonary pressure was considered normal if it was 50% of systemic or less and if noninvasive criteria of normal pulmonary pressure were noted on subsequent echocardiograms.8 9 Patients with a gradient of 20 mm Hg or less in the LV outflow tract were included in the study. Twenty-three patients had undergone surgical correction by the Mustard procedure. The rest of the patients had had an interatrial balloon septostomy or a surgically created atrial septal defect or both.
A control group was taken from an ongoing study of normal echocardiographic data. This group consisted of 395 subjects matched for age. As in the d-TGA group, each subject is represented by one echocardiographic study. In a preliminary study, linear and nonlinear multiple regression analyses of the control group showed that an excellent prediction of the wall thickness and cavity dimensions was obtained by using the square root of age as regressor (R2 > 70%). The same analyses were also applied to the d-TGA group. Covariance analysis was performed to evaluate the effect of the Mustard procedure on the ventricular dimensions. For this analysis, an age range including both operated and nonoperated patients was chosen. The range of 30-54 months gave the greatest number of subjects.
Echocardiographic
As for shortening fraction and mean Vcf, significant but nonlinear variations were noted with age in the control group. For this reason, the results were subdivided into three subgroups, so that the within-group variations were not significant: 0-6 months, 6 months to 5 years and 5 years and older. Values for the d-TGA group were similarly divided. Comparisons were carried out between these three subgroups by analysis of 
variance, and with the normal group using the Bonferroni t statistic.'4 The absence of correlation with age precluded the use of covariance analysis to evaluate the influence of Mustard correction on SF and mean Vcf. Therefore, this influence was tested by t test applied to data obtained in patients 6 months to 5 years old, since only this subgroup contained enough operated and nonoperated patients.
All 95% tolerance limits about mean values were estimated using the method outlined by Guttman.'5 Ninety-five percent tolerance limits about regression line were also calculated. 16 For clinical application, it was more useful to present the latter tolerance limits in table form.
Results

Left Ventricular Internal Dimensions
In diastole, the LVID of the transposition group was normal during the first days of life ( fig. IA) . However, a rapid fall below the 95% tolerance limits of normal was observed in the following weeks. From 1-6 months, no change in LV dimensions was observed. Thereafter, LV dimensions increased progressively with age ( fig. 1B ). This increase followed the pattern of the normal population. Although patients with d-TGA occasionally fell within the 95% tolerance limits of normal, the regression curve for the group was always below these limits after 1 month of age.
The systolic LVID was normal at birth ( fig. 2A ), but dropped below the 95% tolerance limits a few weeks after birth. The cavity remained significantly smaller than normal throughout the first 10 years of life, although a progressive increase in size was noted during this period ( fig. 2B) (6) Values in parentheses represent the upper limit of normal.
Because of the nonlinearity of the regressions for LVID and IVS, variable age intervals were obtained to minimize the error that occurs when a whole region bounded by two curve segments is condensed into a single interval. This was done in such a way that the difference between the minimum and maximum value on the upper tolerance limit within an age interval did not exceed 0.1 unit (cm or mm), ensuring that the reported bounds are not farther away from any point on the curves delimiting the tolerance limits for the age group by more than 0.05 unit.
Abbreviations: LVIDd and LVIDs = left ventricular internal dimensions in diastole and systole; IVSd = interventricular septal thickness in diastole; LVPWd and LVPWs = left ventricular posterior wall thickness in diastole and systole.
values for LVPW were below the lower tolerance limit of the control group at about 10 months of age in diastole and 7 months in systole.
Interventricular Septum
During the first 6 months of life, values for diastolic septal thickness in d-TGA were all normal ( fig. 5A) 17 Our study shows that although LV transverse diameter is normal at birth in patients with simple d-TGA, both systolic and diastolic measurements decrease in the very first weeks of life below the 95% tolerance limits of normal. Using angiographic measurements, Graham and co-workers'8 showed that patients with uncomplicated transposition had a normal end-diastolic volume before 6 months of age, whereas those older than 6 months had elevated volumes and outputs. Keanes et al., 19 using the same technique, found the same trend, although the difference was present at age 2 months. The increase in end-diastolic, volume in the older in-LEFT VENTRICLE IN The increase in septal thickness in the d-TGA group was similar to that of normal subjects. This increase is probably due to the progressive hypertrophy of the right side of the septum. Asymmetric hypertrophy of the septum in relation to the posterior wall is thus created. Similar observations have been reported.5 25 In d-TGA, LV dimensions could be used to assess pressures in the pulmonary circulatory system indirectly. For instance, an absence of a decrease in systolic and diastolic LVID after the first weeks of life strongly suggests persistence of a high LV pressure. The same conclusion should be drawn from any increase in LVPW. 
